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Question 3: FPI Requirements Derivation

Instrument

Capabilities

Payload

Measurement

Requirements

Science Objectives

8 ea 180˚ x 10˚ apertures, viewing radially

Electrostatic deflection by ± 17˚ and  ± 6˚ for each

aperture for 32 Az, 16 Polar pixels.

Energy resolution 17% (elec), 10% (ion), with 64 steps

Fast energy scan 6 ms sweep, 25ms deflection cadence

Sensitivity (GdE/E) 1 x 10-3 (i+), 3x 10-4 (e-) cm2 sr eV/eV

Analyze the full sky distribution and energy range from

cold plasma (1 eV) to 30 keV (e-) or 40 keV (i+) in 25 ms

Observe with 10-12˚ angular resolution and coarse

energy resolution (10-30%)

Avoid spacecraft sheath screening or distortions.

Achieve 5% moments error: ! 400 counts per 0.25 msec

per 128 pixels of 8 detectors = 16 kHz per angular pixel

average.

Resolve the diffusion region features on the electron and

ion inertial scales, respectively.

FPI will observe plasma microphysics with unprecedented time resolution.

The Fast Plasma

FPI will resolve electron and ion scale dynamics in the reconnection diffusion 

Abstract
A clear picture of short-scale reconnection structures and their rapid motions will require 
observations from closely spaced platforms at a 30ms measurement cadence. The Fast Plasma 
Instrument (FPI) for the MMS mission exceeds this demanding requirement by acquiring full sky, 
high-resolution (11˚) electron plasma velocity distributions every 25 ms. FPI also delivers four full 
sky, medium-resolution (45˚) distributions every 6 ms, for unprecedented access to electron scale 
dynamics within the reconnection diffusion region. Data compression and burst memory 
management provide up to 16 minutes of high time resolution data during each orbit of the four 
MMS spacecraft. Each spacecraft will intelligently downlink the data sequences that contain the 
greatest amount of temporal structure. For!both electrons and ions, FPI will realize these 
specifications by means of eight half-top-hat energy analyzers.! Each analyzer has a 180-deg x 6-
deg fan-shaped field of view (FOV) aligned with the s/c spin axis, and is fitted with lateral FOV 
deflection electrodes. The analyzers are packaged as four Dual Electron Spectrometers and four 
Dual Ion Spectrometers on each spacecraft. When distributed properly around the spacecraft, 
these packages provide an instantaneous full-sky view that is independent of spacecraft spin rate.! 
This approach makes available a very large instantaneous aperture for plasma measurements at 
the high sensitivity required for fast exposures. FPI is based on flight heritage from Cluster/PEACE, 
Geotail/LEP, Polar/Hydra, and Rosetta/IES.

Science Requirements and Specifications

Hardware Overview with FOVs
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Dual Ion/Electron Spectrometer Optics (DIS, DES)

a) standoffs, b) deflectors, c) outer ESA, d) inner ESA, e) standoffs, f)upper cover, g) 
holder, h) spacer, i) contacts, j) contact, k) lower cover, l) terminal blocks, m) anode 
board, n) terminals
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Diffusion Region Pressure Tensor

Simulated data values in Vy-Vz plane on left color bar, 

Background map of Pyz values per right color bar

Vx-Vz plane distributions are ~ circular PSD

PIC Simulation results from M. Hesse, with guide field = 0.8 Br
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Sampling Strategy

Measurements and Modes
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Science Closure

• Clear resolution of off-
diagonal pressure tensor 
elements

• Clear depiction of beams 
and heat fluxes

• 6 ms (8 az bins) or 25 ms 
(32 az bins) cadence, 
depending on required 
completeness of angular 
sampling

• Capability to map subtle 
features of the diffusion 
region

Data Compression and Burst Quality
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region using multiple distributed sensor apertures and fast energy/angle sweeping. 

polar bin˚ 6 17 28 39 51 62 73 84 96 107 118 129 141 152 163 174

sin(theta).1 .3 .5 .6 .8 .9 .9  1  1  .9  .9  .8  .6  .5  .3  .1

collapse   4  8 16 16 24 32 32 32 32  32  32  24  16  16   8   4

Constant solid angle coverage 
2/! = 64% of samples, 
or 512 spls -> 325 spls vs 328, above


